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SPECIFICATION 

Title of the Invention 

CONTACT STRUCTURE IN SEMICONDUCTOR INTEGRATED 
CIRCUIT AND METHOD FOR FORMING THE SAME 

5 Background of the Invention 
Field of the invention 

The present invention relates to a semiconductor device and a 
method for manufacturing the same, and more specifically to a contact 
?3 structure in a semiconductor integrated circuit and a method for forming 

yi 10 the contact structure. 

2f Description of related art 

y One typical method widely known at present, for forming a contact 

y: electrode for use in a semiconductor integrated circuit, utilizes a 

m sputtering of an Al-Si-Cu alloy or ^aluminum aiapfe substance. Now, 

\-f 15 the typical method for forming the contact electrode will be explained 

'ft with reference to Figs. 1A and IB. 

First, as shown in Fig. 1A, a silicon oxide film 2 having a thickness 
of about 1 Jim is deposited on a principal surface of a silicon substrate 1 
by a CVD (chemical vapor deposition) process. Then, as shown in Fig. 
2 0 1 A, a contact hole 9 is formed to penetrate through the silicon oxide film 
qj 2 formed on the principal surface of the silicon substrate 1, by use-of-a 

photolithography and an etching. 

Thereafter, as shown in Fig. IB, an aluminum layer 8 having a 
thickness of about 1 |im and constituting a wiring conductor layer, is 
{£> 2 5 formed to cover the whole surface of the silicon substrate 1 by means of X 
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sputtering. This aluminum layer 8 can be replaced with an Al-Si-Cu alloy 
layer. 

Recently, with advanced high integrated density and highly fine 
patterning of the semiconductor integrated circuit, there is a strong 
5 inclination that the contact hole becomes small, with the result that the 
prior art contact electrode forming method as shown in Figs. 1A and IB 
0> is becoming difficult to form a contact electrode having / good contact 

resistance. 

An improved method for solving this problem is proposed by 

1 0 Japanese Patent Application Pre-examination Publication No. JP-A-62- 
tfl 213120 (the content of which is incorporated by reference in its entirety 
Jj into this application, and also an English abstract of JP-A-62-213120 is 

available from the Japanese Patent Office and the content of the English 
m abstract of JP-A-62-213120 is also incorporated by reference in its 

a 1 5 entirety into this application). Now, this improved method for forming 

the contact electrode will be explained with reference to Figs. 2A to 2C 
H The process is the same as the first mentioned prior art process 

until the contact hole 9 is formed as shown in Fig. 1 A. 

Thereafter, as shown in Fig. 2 A, a refractory metal layer 5 is 

2 0 deposited on the whole surface of the silicon substrate 1 by &s^-e#-the 

CVD process or a PVD (physical vapor deposition) process. The 
refractory metal layer 5 is formed of a szffi^ substance or an alloy of a 
refractory metal, but can be formed of a silicide of a refractory metal 
®~ such as Mo or W. In addition, if Jfee CVD process is used, it is preferred 

^ 2 5 to use,a low pressure CVD process exerting an excellent coverage. 

a* Then, af reactive ion etching (RIE) is conducted to the whole surface 

of the silicon substrate 1 in a chlorine gas atmosphere, so that a sidewall 6 
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of the refractory metal remains only on a side surface of the contact hole 
9, as shown in Fig. 2B. The RIE process is an anisotropic etching so that 
the etching is advanced only in a direction perpendicular to the silicon 
substrate 1, with the result that the refractory metal remains only on the 
5 side surface of the contact hole 9 where the refractory metal thickness in 
the vertical direction is large. 

In addition, the etching conducted by means of the RIE process is 
conducted for the purpose of removing the refractory metal 5 from the 
surface of the substrate 1 where the remains of the refractory metal is 
0^ ^ 1 0 i^omJa^t for forming the device. Therefore, if the refractory metal 

W remains on a portion of the contact hole 9, for example, a bottom of the 

m contact hole, other than the sidewall of the contact hole, it is not 

O^Q ^&oav©R*sat at all. Furthermore, a shoulder of the sidewall 6 of the 

J 1 ! refractory metal is rounded by action of the RIE process. This is 

% 1 5 effective in improving the coverage of Al deposited in a next step. 

Ill In the next step, as shown in Fig. 2C, an aluminum layer 8 having a 

rj thickness of about 1 |im and constituting a wiring conductor layer, is 

<feS formed to cover the whole surface of the silicon substrate 1 by means of ^ 

sputtering. This aluminum layer 8 can be replaced with an Al-Si-Cu alloy 
2 0 layer. 

As mentioned above, the prior art contact electrode forming 
method as shown in Figs. 1 A and IB is disadvantageous since it becomes 
difficult to form a contact electrode having §f good contact resistance. 

The reason for this is as follows: With advancement of the high 
2 5 integrated density and the highly fine patterning of the semiconductor 
integrated circuit, if an underlying layer is not planarized at the time of 
patterning each wiring conductor layer, the patterning cannot be realized 
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- as a design. For example, $ short-circuiting or open-circuiting of the 
wiring conductor occurs. The planarization is ordinarily conducted by 
depositing a relatively thick insulator film and by etching back the 
deposited insulator film. However, if this planarizing method is used, the 
5 thickness of an interlayer insulator film before a contact hole is formed, 
becomes very large as a matter of course. As a result, when a fine 
contact hole is formed, even if the sidewall of the refractory metal is 
formed on the side surface of the contact hole as the prior art process 
shown in Figs. 2A to 2C, the aluminum wiring conductor disconnects at a 

1 0 bottom of the contact hole, because the aspect ratio of an actually 
S remaining hole defined by the sidewall becomes noticeably larger than 
*%_ that of the original hole by the side surface of the contact hole before the 
P 8 ! sidewall is formed. Since the sidewall of thp refractory metal exists, the 
m contact electrode never becomes an open-eiremfktg. However, since the 
, ** 15 sidewall is in direct contact with the underlying substrate with only one 
!» * half to one third of a bottom area of the original contact hole before the 
H sidewall is formed, and on the other hand, since a resistance of the 
~q refractory metal is higher than that of aluminum, the contact resistance 
^ becomes high. 

2 0 In addition, the semiconductor integrated circuit includes not only 

large-diameter contact holes but also small-diameter contact holes. 
However, the prior art contact electrode forming method is difficult to 
obtain a stable contact resistance both in the large-diameter contact holes 
and in the small-diameter contact holes. The reason for this is as follows: 
2 5 For example, when the sidewall of the refractory metal is formed 

to fit with the small-diameter contact holes, it is necessary to form the 
refractory metal layer having a thin film thickness to ensure that the 
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small-diameter contact holes are never completely filled by the refractory 
metal. However, if the refractory metal layer having the thin film 
thickness is formed, the film thickness of the sidewall of the refractory 
metal in the large-diameter contact holes becomes too thin, so that the 
5 aluminum wiring conductor layer will disconnect at the bottom of the 
contact hole, with the result that the contact resistance becomes high. 

Summary of the Invention 

Accordingly, it is an object of the present invention to provide a 
contact structure in a semiconductor integrated circuit and a method for 
1 0 forming the contact structure, which haw overcome the above mentioned 
defect of the conventional one. 

Another object of the present invention is to provide a contact 
structure in a semiconductor integrated circuit and a method for forming 
the contact structure, capable of obtaining a stable low contact resistance 
1 5 not only in a large-diameter contact hole but also in a small-diameter 
contact hole, which are mixedly included a semiconductor integrated 
circuit, by ^aliziftg a good contact resistance in a fme contact hole. 


The above and other objects of the present invention are achieved in 
accordance with the present invention by a semiconductor device 

2 0 including a large-diameter contact hole and a small-diameter contact hole 
formed to penetrate through an insulator film formed on a conductive 
portion to reach the conductive portion, the small-diameter contact hole 
being completely filled with a plug of a refractory conductive material, 
and the large-diameter contact hole having a sidewall formed of the 

2 5 refractory conductive material on a side surface of the large-diameter 
contact hole, the sidewall covering the side surface lower than a-po sitioa 
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5 


10 


15 


20 


yAisfa4 s l ower 4 ha&-an upper end of the large-diameter contact hole by a 
predetermined distance, a wiring conductor layer being deposited on the 
insulator film to cover a top surface of the plug of the refractory 
conductive material, and to fill a space remaining in the large-diameter 
contact hole thereby to cover a bottom of the large-diameter contact hole 
and a surface of the sidewall of the refractory conductive material within 
the large-diameter contact hole. 

Here, it is defined that the large-diameter contact hole has an aspect 
ratio of not greater than 2, and the small-diameter contact hole has an 
aspect ratio of greater than 2. 

According to another aspect of the present invention, there is 
provided a method for manufacturing a semiconductor device including 
the step of forming a large- diameter contact hole and a small-diameter 
contact hole to penetrate through an insulator film formed on a 
conductive portion to reach the conductive portion; depositing a 
refractory conductive material to cover the whole surface of the insulator 
film including the large-diameter contact hole and the small-diameter 
contact hole; etching back the deposited refractory conductive material to 
expose only an upper surface of the insulator film and a bottom and an 
upper end portion of the large-diameter contact hole, so that the 
small-diameter contact hole is completely filled with a plug of the 
refractory conductive material, and in the large-diameter contact hole, a 
sidewall formed of the refractory conductive material covers a side 
surface of the large-diameter contact hole lower than a position which is 
lower than an upper end of the large-diameter contact hole by a 
predetermined distance; and depositing a wiring conductor layer on the 
insulator film to cover a top surface of the plug of the refractory 
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conductive material, and to fill a space remaining in the large-diameter 
contact hole thereby to cover the exposed bottom of the large-diameter 
contact hole and a surface of the sidewall of the refractory conductive 
material within the large-diameter contact hole. 
5 For example, the refractory conductive material can be formed of a 

refractory metal or a silicide of the refractory metal. On the other hand, 
the conductive portion can be either a semiconductor substrate if the 
insulator film directly covers the semiconductor substrate, or a lower- 
level wiring conductor if the insulator film is an interlayer insulator film 
w 1 0 covering the lower-level wiring conductor. 

W As seen from the above, according to the present invention, the 

30 small-diameter contact hole is completely filled with the plug of the 

refractory conductive material, and in the large-diameter contact hole, on 
f] the other hand, the sidewall formed of the refractory conductive material 

1 5 covers the side surface of the large-diameter contact hole lower than the 
^ ju feesttkiirwteeh is lo werH th a flrthe upper end of the large-diameter contact 

f! hole by the predetermined distance. 

41 With this arrangement, even if the interlayer insulator film 

becomes thick or even if the contact hole becomes fine because of the 

2 0 advanced high integrated density and highly fine patterning of the 

semiconductor integrated circuit, the wiring conductor layer (such as a 
aluminum layer) never ^ co nn ect at the bottom of the contact hole, with 
the result that the contact resistance is stable and low. 

Since the small-diameter contact hole is completely filled with the 
2 5 plug of the refractory conductive material, the sidewall of the refractory 
conductive material formed on the side surface of the large-diameter 
contact hole can be thickened to a degree sufficient to prevent the wiring 
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conductor layer (such as a aluminum layer) deposited in a later step from 
disconnecting at the bottom of the contact hole. Furthermore, since the 
sidewall of the refractory conductive material is formed to cover the side 
surface of the large-diameter contact hole lower than iha-positkffrwtetiri? 

5 lewet^than the upper end of the large-diameter contact hole by the 
predetermined distance, the wiring conductor layer (such as a aluminum 
layer) becomes difficult to cause disconnection even if the interlayer 
insulator film becomes thick because of the advanced high integrated 
density and highly fine patterning of the semiconductor integrated circuit, 

1 0 because a hole defined by the sidewall and the exposed upper side surface 
of the contact hole has an upper end diameter larger than a bottom 
diameter, in other words, has a general shape which may be called a 
reverse-truncated cone. From a different viewpoint, it can be said that 
the hole defined by the sidewall and the exposed upper side surface of the 

1 5 contact hole has an apparent aspect ratio improved or reduced in 

comparison with the prior art as shown in Fig, 2B in which the sidewall 
reaches the upper end of the contact hole, with the result that the wiring 
conductor layer deposited in a later step is prevented from disconnecting 
at the bottom of the hole defined by the sidewall For this purpose, the 

2 0 predetermined distance as mentioned above is required between the upper 

end of the contact hole and the upper end of the sidewall, and is 
preferably not less than 10% but not greater than 40% of the thickness of 
the insulator film through which the contact hole concerned is formed to 


wiring conductor layer is connected to the underlying conductive portion 
with a low and stable contact resistance. 
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ft- 

On the other hand, since small-diameter contact hole is 

A/ 

completely filled with the plug of the refractory conductive material, the 
plug of the refractory conductive material is in direct contact with the 
underlying conductive layer with all the bottom area of the 
5 small-diameter contact hole- Therefore, even if the wiring conductor 


layer is connected through the plug of the refractory conductive material 
to the underlying conductive layer, and even if^^esistance of the 
refractory conductive material is higher than that of the wiring conductor 
layer, the wiring conductor layer is connected to the underlying 
1 0 conductive layer with a low and stable contact resistance, * \ 

^Mb Therefore, a small and stable contact resistance can be feafeed both 

in the large-diameter contact hole and in the small-diameter contact hole. 
M=j The above and other objects, features and advantages of the present 

01 invention will be apparent from the following description of preferred 

/ 15 embodiments of the invention with reference to the accompanying 

drawings. 


Brief Description of the Drawings 

Figs- 1A and IB are diagrammatic sectional views illustrating a 
prior art method for forming the contact electrode; 
2 0 Figs. 2 A to 2C are diagrammatic sectional views illustrating 

another prior art method for forming the contact electrode; 

Fig. 3 is a diagrammatic sectional view illustrating of a first 
embodiment of the contact structure in the semiconductor integrated 
circuit in accordance with the present invention; 
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Figs. 4A to 4D are diagrammatic sectional views illustrating a first 
embodiment of the method for forming the contact structure in 
accordance with the present invention; 

Fig. 5 is a diagrammatic sectional view illustrating of a second 
5 embodiment of the contact structure in the semiconductor integrated 
circuit in accordance with the present invention; and 

Figs. 6A to 6C are diagrammatic sectional views illustrating a 
second embodiment of the method for forming the contact structure in 
accordance with the present invention, 

m 1 0 Description of the Preferred embodiments 

Referring to Fig. 3, there is shown a diagrammatic sectional view 
m illustrating of a first embodiment of the contact structure in the 

IP semiconductor integrated circuit in accordance with the present invention, 

which mixedly includes a large-diameter contact hole and a 
^ 1 5 small-diameter contact hole formed to penetrate through an insulator film 

H formed on a semiconductor substrate, 

rj As shown in Fig. 3, the semiconductor integrated circuit includes a 

' H semiconductor substrate 1, an insulator film 2 formed on a semiconductor 

substrate 1, a large-diameter contact hole 3 formed to penetrate through 
2 0 the insulator film 2 and a small- diameter contact hole 4 formed to 
penetrate through the insulator film 2. The small-diameter contact hole 4 
is completely filled with a plug 7 of a refractory conductive material. In 
the large-diameter contact hole 3, on the other hand, a sidewall 6 formed 
of the refractory conductive material covers a side surface of the large- 
&^ 2 5 diameter contact hole 3 lower than a position which ia lo weiLiJhaB-afr 

upper end of the large-diameter contact hole by a predetermined distance. 
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The refractory conductive material is either a refractory metal or a 

(ju & re- f factors 

silicide of fec- re &aete c metal A wiring conductor layer 8 (formed of 
^# 

for example aluminum) is deposited on the whole surface of the 
^* semiconductor substrate 1 to cover ^ upper surface of the insulator film 

°^ 5 2, ^top of the plug 7 of the refractory conductive material wrt&fPthe 

small-diameter contact hole 4, ^surface of the sidewall 6 of the 
refractory conductive material within the large- diameter contact hole 3, 
and a bottom of the large-diameter contact hole 3. 

Now, the method for fonning the contact structure shown in Fig. 3 
; ^ 1 0 will be explained with reference to Figs. 4A to 4D. 

If As shown in Fig. 4A, a silicon oxide film 2 having a thickness of 

about 1 (im is formed on a principal surface of a silicon substrate 1 by a 
•?J CVD process. 

*P m Then, as shown in Fig. 4B, a large-diameter contact hole 3 having a 

15 diameter of 0-8 \im and a small-diameter contact hole 4 having a 
?Ji diameter of 0.4 (im are formed to penetrate through the silicon oxide 

0jjF s film 2, by use of # photolithography and an etching. 

m As shown in Fig. 4C, a refractory metal layer 5 is deposited on the 

' whole surface of the silicon substrate L The refractory metal layer 5 is 

2 0 controlled to have a film thickness of for example about 300 nm. By 
forming the refractory metal layer 5 of about 300 nm, the small-diameter 
contact hole 4 is completed filled with the refractory metal, and on the 
other hand, the large-diameter contact hole 3 is filled with the refractory 
metal to partially leave a not-filled space 3C 
2 5 Thereafter, as shown in Fig. 4D, the deposited refractory metal 

layer 5 is etched back to such a degree that an upper surface of the silicon 
oxide film 2 is completely exposed, a bottom of the large-diameter 
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contact hole 3 is partially exposed, and an upper end portion 3D of the 
large-diameter contact hole 3 is exposed. As a result, the small-diameter 
contact hole 4 is filled with a plug 7 of the refractory metal, and in the 
large-diameter contact hole 3, there is formed a sidewall 6 of the 
5 refractory metal, which covers a side surface of the large-diameter 
qj contact hole 3 lower than a^pesrtiefbwfeelttHow^ upper end of 

the large-diameter contact hole by a predetermined distance selected in 
the range of not less than 0*1 |im but not greater than 0,4 jam. 

Then, an aluminum film 8 constituting a wiring conductor layer is 
1 0 deposited by for example a sputtering, to cover the whole surface of the 
IB substrate 1, as shown in Fig. 3, Thereafter, the aluminum film 8 is 

Ji patterned to form a wiring conductor. 

In this first embodiment, since the sidewall 6 of the refractory 
& I conductive material is formed to cover the side surface of the large- 

1 5 diameter contact hole 3 lower than the -pos&ionrwhi^ 
upper end 3D of the large- diameter contact hole by 4h« predetermined 

As 

distance, a hole defined by the sidewall and the upper side surface of the 
contact hole has an upper end diameter larger than>fottom diameter, in 
other words, has a general shape which may be called a reverse-truncated 

2 0 cone. Namely, the hole defined by the sidewall and the upper side surface 
of the contact hole has an apparent the aspect ratio noticeably improved 
or reduced in comparison with the prior art as shown in Fig. 2B in which 
the sidewall reaches the upper end of the contact hole, with the result that 
the wiring conductor layer deposited in a later step is prevented from 

2 5 disconnecting at the bottom of the hole defined by the sidewall. 
Therefore, even if the interlayer insulator film becomes thick because of 
the advanced high integrated density and highly fine patterning of the 
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semiconductor integrated circuit, the wiring conductor layer deposited 
within the large-diameter contact hole 3 is difficult to disconnect. 

Referring to Fig. 5, there is shown a diagrammatic sectional view 
illustrating of a second embodiment of the contact structure in the 
5 semiconductor integrated circuit in accordance with the present invention. 
In Fig. 5, elements corresponding to those shown in Fig. 3 are given the 
same Reference Numerals. 

The second embodiment of the contact structure includes a 
semiconductor substrate 1, an insulator film 2 formed on a semiconductor 
1 0 substrate 1, a large-diameter contact hole 3 formed to penetrate through 
the insulator film 2 and a small-diameter contact hole 4 formed to 
penetrate through the insulator film 2. The large-diameter contact hole 3 
and the small-diameter contact hole 4 have a funnel-shaped portion 3 A or 
4A formed on an upper portion thereof to open or spread upward. 

1 5 Excluding the funnel-shaped portion 3A, the small-diameter contact hole 

4 is completely filled with a plug 7 of a refractory conductive material. 
In the large-diameter contact hole 3, on the other hand, a sidewall 6 
formed of the refractory conductive material covers a side surface of the 
large-diameter contact hole 3 lower Aa^^a-posi^a * 1 w hich is lowci t h a n , 

2 0 by a predetermined distance, a boundary 3D between a vertical side 

surface of the large-diameter contact hole 3 and the funnel-shaped portion 

4A, Similarly to the first embodiment, the refractory conductive material 

is either a refractory metal or a silicide of the-^efeacte* metal. A wiring 

K 

conductor layer 8 (formed of for example aluminum) is deposited on the 
2 5 whole surface of the semiconductor substrate 1 to cover aa upper surface 
of the insulator film 2, £top of the plug 7 of the refractory conductive 
material within the small-diameter contact hole 4, the funnel-shaped 
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portion 4A, jar surface of the sidewall 6 of the refractory conductive 
material within the large-diameter contact hole 3, ^bottom of the large- 
diameter contact hole 3, and the funnel-shaped portion 3 A, 

Now, the method for forming the contact structure shown in Fig. 5 
5 will be explained with reference to Figs. 6A to 6C 

The process is the same as the process of the first embodiment until 
the step shown in Fig. 4A in which the silicon oxide film 2 is formed. 

Then, as shown in Fig. 6A, a large-diameter contact hole 3 having a 
diameter of 0.8 |Am and a small-diameter contact hole 4 having a 
1 0 diameter of 0.4 |im are formed to penetrate through the silicon oxide 
film 2, by use of a photolithography and an etching. Furthermore, an 
upper portion of these contact holes is expanded to have the funnel-shaped 
portions 3 A and 4 A, respectively. A remaining portion of the large- 
diameter contact hole 3 having a vertical side surface, other than the 

1 5 funnel-shaped portion 3 A, is designated with Reference Numeral 3B, and 

is called a large-diameter contact hole hereinafter, and a remaining 
portion of the small-diameter contact hole 4 having a vertical side 
surface, other than the funnel-shaped portion 4A, is designated with 
Reference Numeral 4B, and is called a small- diameter contact hole 

2 0 hereinafter. 

Furthermore, as shown in Fig. 6B, a refractory metal layer 5 
having a film thickness of for example about 300 nm is deposited on the 
whole surface of the silicon substrate 1 so that the small-diameter contact 
hole 4B and the funnel-shaped portion 4A are completed filled with the 
2 5 refractory metal, and on the other hand, and the funnel-shaped portion 
3A and a bottom surface and a side surface the large-diameter contact 
hole 3B are completely covered with the deposited refractory metal 5, but 
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the large-diameter contact hole 3B is partially filled with the deposited 
refractory metal to leave a not-filled space 3C at a central portion. 

Thereafter, as shown in Fig, 6C, the deposited refractory metal 
layer 5 is etched back to such a degree that an upper surface of the silicon 
5 oxide film 2 and a surface of the funnel-shaped portions 3A and 4A are 
completely exposed and the bottom of the large-diameter contact hole 3B 
is partially exposed, and an upper end 3D of the large-diameter contact 
hole 3B is exposed. 

As a result, the small-diameter contact hole 4B is completely filled 
1 0 with a plug 7 of the refractory metal, and in the large-diameter contact 
ja hole 3B, there is formed a sidewall 6 of the refractory metal, which 

GU^jk covers a side surface of the large-diameter contact hole 3B lower than 

the upper end 3D of the large-diameter 
contact hole 3B by a distance, which corresponds to the predetermined 

1 5 distance in the first embodiment, namely, which is in the range of not less 
than 10% but not greater than 40% of a thickness of the insulator film 2. 

Then, an aluminum film 8 constituting a wiring conductor layer is 
deposited by for example «r sputtering, to cover the whole surface of the 
substrate 1, as shown in Fig. 5. Thereafter, the aluminum film 8 is 

2 0 patterned to form a wiring conductor. 

In this second embodiment, since the funnel-shaped portion 3A is 
formed to extend from the upper end of the large-diameter contact hole 
3B and since the sidewall 6 of the refractory conductive material is 
formed to cover the side surface of the large-diameter contact hole 3B 
2 5 lower than the position which i g~4ower*than the upper end 3D of the 
large-diameter contact hole 3B by the predetermined distance, ^hole 
defined by the funnel-shaped portion 3A, the large-diameter contact hole 
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3B and the sidewall 6 has an upper end diameter larger than a bottom 
diameter, in other words, has a general shape which may be called a 
reverse-truncated cone. In addition, this reverse-truncated cone has an 
inclination angle gentler than that of the reverse-truncated cone in the 
5 first embodiment. Namely, the contact hole has the apparent aspect ratio 
further improved or reduced in comparison with the first embodiment. 
Therefore, even if the interlayer insulator film becomes thick because of 
the advanced high integrated density and highly fine patterning of the 
semiconductor integrated circuit, the wiring conductor layer deposited 

1 0 within the large-diameter contact hole 3 is more difficult to disconnect, 
m than the first embodiment. 

JJ As seen from the above, the contact structure in accordance with 

5 4 j the present invention is characterized in that the small-diameter contact 

ffl hole is completely filled with the refractory conductive material, and in 

r3 1 5 the large-diameter contact hole, the sidewall formed of the refractory 

HI conductive material covers the side surface of the large-diameter contact 

I s * hole lower than the position which is lower than the upper end of the 

J large-diameter contact hole by the predetermined distance. 

~ 4 With this feature, even if the interlayer insulator film becomes 

2 0 thick or even if the contact hole becomes fine because of the advanced 

high integrated density and highly fine patterning of the semiconductor 
integrated circuit, the wiring conductor layer never disconnect at the 
bottom of the contact hole, with the result that the contact resistance is 
stable and low. Therefore, a small and stable contact resistance can be 
2 5 realized both in the large-diameter contact hole and in the small-diameter 
contact hole which are mixedly included in a semiconductor integrated 
circuit. 
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The invention has thus been shown and described with reference to 
the specific embodiments. However, it should be noted that the present 
invention is in no way limited to the details of the illustrated structures 
but changes and modifications may be made within the scope of the 
5 appended claims. 
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Claims: 


r XL A semiconductor device including a large-diameter contact hole and 
a\mall-diameter contact hole formed to penetrate through an insulator 
filrrk formed on a conductive portion to reach said conductive portion, 
5 said stnall-diameter contact hole being completely filled with a plug of a 
refractory conductive material, and said large-diameter contact hole 
having aWdewall formed of said refractory conductive material on a side 
surface ofVsaid large-diameter contact hole, said sidewall covering said 
side surface\lower than a position which is lower than an upper end of 
1 0 said large-diameter contact hole by a predetermined distance, a wiring 
conductor layelk being deposited on said insulator film to cover a top 
surface of said pW of said refractory conductive material, and to fill a 
space remaining in said largecdiameter contact hole thereby to cover a 
bottom of said largAdiame^pAoii^ct hole and a surface of said sidewall 
1 5 of said refractory conductive material within said large-diameter contact 


2. A semiconductor device claimed in Claim 1 wherein each of said 
large-diameter contact hold and said small-diameter contact hole has a 

2 0 funnel-shaped portion formed on an upper portion thereof to open or 
spread upward, a surface of said funnel-shaped portion being covered 
with said wiring conductor layeA 

3. A semiconductor device claimed in Claim 2 wherein said refractory 
2 5 conductive material is a material selected from the group consisting of a 

refractory metal and a silicide of a refractor metal. 
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4. A semiconductor device claimed in Claim ji wherein said large- 
diameter contact Hole has an aspect ratio of not greater than 2, and said 
small-diameter contact hole has an aspect ratio of greater than 2. 

5. A semicor ductor device claimed in Claim 4 wherein said 


predetermined di 
greater than 40% 


stance is in the range of not less than 10% but not 
3f a thickness of said insulator film. 


6. A semiconductor device claimed in Claim 2^ wherein said 
predetermined distance is in the range of not less than 10% but not 
greater than 40% ©f a thickness of said insulator film. 


7. A semiconductor device claimed in Claim 1 wherein said refractory 
conductive material is a material selected from the group consisting of a 
refractory metal 2nd a silicide of a refractor metal. 

8. A semiconliuctor^vi^^Iaimed in Claim 7 wherein said large- 
diameter contact hole has an aspect ratio of not greater than 2, and said 
small-diameter cpntact^nole has an aspect ratio of greater than 2. 

9. A semiconductor device claimed in Claim 8 wherein said 
predetermined |distan\^j^m the range of not less than 10% but not 
greater than 40fe of a thickness of said insulator film. 


2 5 10. A semiconductor device claimed in Claim 7 wherein said 
predetermined distance is in the range of not less than 10% but not 
greater than/40% of a thickness of said insulator film. 
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Fig. 2 A 

PRIOR ART 


Fig. 2B 

PRIOR ART 


9 CONTACT HOLE 


6 SIDEWALL 

6 SIDEWALL 


Fig. 2C 

PRIOR ART 


9 CONTACT HOLE 

6 SIDEWALL 

6 SIDEWALL 

r 


5 REFRACTORY METAL 



2 SILICON OXIDE 


1 SEMICONDUCTOR 
SUBSTRATE 



2 SILICON OXIDE 


1 SEMICONDUCTOR 
SUBSTRATE 



8 ALUMINUM 


2 SILICON OXIDE 


1 SEMICONDUCTOR 
SUBSTRATE 


9 CONTACT HOLE 


FROM fCOSHIBA; OKABE & PARTNERS 


1 997^1251 7B (*) 16:44/8316: 34/5*8^3801638207 P 29 
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Fig. 5 
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As a below named inventor , I hereby declare that: 

My residence/ post office address and citizenship are as stated 
below next to my name. 

I believe I am the original, first and sole inventor (if only one 
name is listed below) or an original, first and joint inventor 
(if plural names are listed below) of the subject matter which 
is claimed and for which a patent is sought on the invention 

entitled "CONTACT STRUCTURE IN SEMICONDUCTOR INTEGRATED , 

CIRCUIT AND METHOD FOR FORMING THE SAME 11 , 

the specification of which is attached hereto. 

I hereby state that I have reviewed and understand the contents 
of the above-identified specification, including the claims , as 
amended by any amendment referred to above. 

I acknowledge the duty to disclose information which is material 
to the examination of this application in accordance with Title 
37, Code of Federal Regulations, S. 1.56(a). 

I hereby claim foreign priority benefits under Title 35, United 
States Code, S.119 of any foreign application (s) for patent or 
inventor's certificate or of any PCT international application (s) 
designating at least one country other than the United States of 
America listed below and have also identified below any foreign 
application (s) for patent or inventor's certificate or any PCT 
international application (s ) designating at least one country 
other than the United States of America filed by me on the same 
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Norman P. Soloway, Reg. No. 24,315; William 0. Hennessey, Reg. 
No. 32,032; Susan H. Hage, Reg. No. 29,646; Steven J. Grossman, 
Reg. No. 35,001; and Christopher K. Gagne, Reg. No. 36,142, 
or any of them, of 175 Canal Street, Manchester, New Hampshire 
03101 ^ (Telephone: 603-668-1400} my attorneys with full power of 
substitution and revocation, to prosecute this application and to 
transact all business in the Patent Office connected therewith. 
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imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such willful false statements may 
jeopardize the validity of the application or any patent issued 
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